A broken-line regression model with three straight lines and two breakpoints was used to estimate the sustained peak yield of the lactation curve. A sample of 1548 lactation records of 425 Holstein-Friesian cows was provided by the Research and Application Farm of the Agriculture Faculty of Çukurova University in Adana, Turkey. A total of 13463 test-day milk yields (kg/day), recorded once a month with electronic identification and automatic milking recording systems, between November 1994 and January 2006, were used. The data was classified as first, second, third, fourth, fifth, sixth and seventh parity, and included 4105, 3238, 2495, 1800, 1113, 641 and 71 test-day records, respectively. Times (days) at the beginning and end of sustained peak yield per parity were 73.9 -160. 2, 70.6 -131.9, 70.8 -130.7, 71.0 -130.3, 71.3 -130.4 86.4, 61.3, 59.9, 59.3, 59.1, 57.0, 58.7 and 4852.2, 5105.7, 5503.5, 5503.7, 5449.3, 5416.3, 4802.4, respectively. Results showed that the first parity had a lactation curve with the lowest milk yield at peak that reached the peak point at the latest time (DIM) after parturition, but the largest interval between the beginning and end of the sustained peak yield among all parities. This means that the cows in the first lactation were more persistent than those in the later lactations.
Introduction
A lactation curve, namely the variation in milk production during lactation, represents the relationship between milk yield and time after parturition (Ruvuna et al., 1995) . The shape of lactation curves provides a valuable tool for identifying characteristics that best describe superior lactation potential (McGill et al., 2006) and also valuable information about the biological and economic efficiency of the animal or herd under consideration (Grossman & Koops, 1988) . The shape of a typical lactation curve may be described as increasing at a high rate up to the first breakpoint (the beginning of Sustained Peak Yield (SPY)), after which the increase in daily milk yield tapers off (almost ceases) abruptly, until the peak production point is obtained. After this it declines at a slower rate until the second breakpoint (the end of SPY), followed by a rapid decrease until the end of the milk production cycle. Milk yield between the first and second breakpoints is constant, and at around that of the peak level of lactation. Thus, the lactation curve can be considered as comprising three linear segments: in the first segment there is an increase from the initial yield at calving to the starting point of SPY, in the second segment is the SPY between the first and second breakpoints, and in the third one there is a decrease from the end of SPY to the end of lactation. The first and second breakpoints are the two points around the peak and indicate the starting point and the endpoint of the time interval over which the high milk production or SPY is obtained in the lactation cycle. The breakpoint and peak values of a lactation curve vary according to biological factors and various environmental factors, such as a cow's age, parity, fertility, feeding, and the calving season (Wood, 1967; Whittemore, 1980; Ferris et al., 1985) . Determination of the beginning and end of SPYs of the lactation curve is important to explain the main features of the dairy cattle milk production pattern, such as persistency during lactation, and is useful in directing herd management and extending partial records.
Inconsistent definitions of persistency of lactation yield are used in the literature (Wood, 1967; Lombard, 2006) . Grossman et al. (1999) define the persistency as the number of days between the beginning
Materials and Methods
A sample of 1548 lactation records of 425 Holstein-Friesian cows were provided by the Research and Application Farm of the Agricultural Faculty of Çukurova University, Adana, Turkey. A total of 13463 testday milk yields (kg/day), recorded once a month with electronic identification and automatic milking recording systems between November 1994 and January 2006, was used. Data included the cow's identification number, calving date, the parity, the test-day date, the test-day milk yield (kg), and the number of times the cow was milked per day. The data were classified according to parity and days in milk (DIM) and results tabulated in Table 1 . Means of daily milk yield according to parity are given in Figure 1 (h).
Various mathematical functions were used to describe lactation curves. The incomplete gamma function (IG) and its variants proved relatively powerful in terms of fitting observed daily yields (Wood, 1967; Scott et al., 1996; Tekerli et al., 2000; Vargas et al., 2000; Sahinler & Karakok, 2008) . The gamma function, called the Wood model, proved to be relatively powerful and one of the most popular models in fitting observed daily yields. Observed daily milk was presented as:
where: Y t is the observed milk yield at day t; a is linked to milk yield at the beginning of lactation, b to the ascending phase before peak yield, and c to the decreasing phase after peak yield.
Three straight lines with two breakpoint broken-line regression models were used to estimate the breakpoints of the lactation curve:
where: L is a constant, U is the slope of the line until the first breakpoint, R 1 is the first breakpoint, V is the slope of the line between the first and second breakpoints, R 2 is the second breakpoint, and W is the slope of the line after the second breakpoint (Vito, 2003) . Persistency for lactation yield (P) was calculated as:
where: R 1 and R 2 are the first and second breakpoints of the lactation curve, P is a measure of persistency and indicates the number of days between the beginning (R 1 ) and end (R 2 ) of SPY (Grossman et al., 1999) .
Peak yield and DIM at peak yield (DIMP) were calculated as:
and (b/c), respectively (Wood, 1967; Rekik et al., 2003) . The parameter estimations of the Wood model were made, using the SPSS 13.0 for Windows, breakpoint estimations were made, using the NLIN procedure of SAS system V7 (Sahinler & Sener, 2007) , aiming to minimize the residual sum of squares by using the Gauss-Newton iteration method. Graphs of the models were plotted using GraphPad Prism trial version 4.03.
Results and Discussion
The Wood model in equation 1 was fitted to data, and the parameter estimates, peak production and DIM for parities are given in Table 2 . In this table the R 2 value is the proportion of explained variance in the data set from the Wood model. a is linked to milk yield at the beginning of lactation; b -the ascending phase before peak yield; c -the decreasing phase after peak yield. Table 2 show that the cows in the first lactation reached their peak of production the latest (126 DIM), but had lower peak levels (19.1 kg/d) than in later lactations. The peak yields were greater (21.8 -24.4 kg/d) and DIMs at peak were lower (102 -104 DIM) for the cows in the later lactations than the cows in the first lactation. The highest peak was obtained from the cows in the 6 th lactation while it was similar in the 4 th and 5 th lactations. Cows in their 4 th lactation had the highest lactation milk production (5504 kg/lactation) among all parities. These results are similar to the findings of Rekik et al. (2003) . These authors compared the lactation curve characteristics of primiparous and multiparous cows. Horan et al. (2005) also reported that parity has significant effects on lactation curve characteristics.
The expected lactation curve (thin solid line), confidence band of the lactation curve (dotted line) and the expected three straight lines with two breakpoints for all parities are represented in Figure 1(a), 1(b) , 1(c), 1(d), 1(e), 1(f), 1(g). Lactation curves in the first and later lactations were clearly and consistently different.
A broken-line regression model with three straight lines with two breakpoints, in Equation 2, was fitted to the expected values of the Wood model and parameter estimations, and summarized statistics given in Table 3 . L -a constant; U -the slope of the line until the first breakpoint; R 1 -the first breakpoint; V -the slope of the line between the first and second break-points; R 2 -the second breakpoint; W -the slope of the line after the second breakpoint (formula of Vito, 2003) . SSR -residual sum of squares of the broken-line regression model; ** -significant at α = 0.01. The time at transition from increasing to maintain the yield (R 1 ) of lactation curves was 73.9 DIM, 70.6 DIM, 70.8 DIM, 71.0 DIM, 71.3 DIM, 71 .2 DIM and 71.1 DIM for each parity from the first to seventh, respectively. Therefore, these results show that the beginnings of the SPY of the lactation curves from all parities are close to each other. An increase in milk yield continues from initial yield at calving to about the 70 th DIM (10 th week of lactation). Increasing milk yield after 70 DIM stops abruptly and variation in milk yield continues horizontally at the same level through the second breakpoint, which varies in different parities. Cows in the first lactation have lower milk yields (18.4 kg/d) at the beginning of SPY than cows in later lactations (21.1 -24.3 kg/d) ( Table 3 and Figure 1) . However, the rate of increase in daily milk yields was not the same for the different parities.
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The time at the end of the SPY, or the beginning of the fast decreasing in milk yield (R 2 ) of lactation curves, were 160. Figure 1 ). In other words, fast decreasing in milk yield after the SPY starts later in first lactation than in the other parities. Cows in the first lactation had lower milk yields at the end of the SPY (19.06 kg/d) than the cows in later lactations (21.0 -24.2 kg/d) ( Table 3 , Figure 1 ). Persistency measures, defined by Grossman et al. (1999) as the number of days for which the level of constant yield is maintained, were calculated by taking differences between the first and second breakpoint values (Table 3) for the parities, respectively.
It was clear that the cows in the first lactation were more persistent than in the later lactations. The period of SPY was 86.4 d for the cows in the first lactation, which is larger than in the later lactations (57.0 -61.3 d). However, the level of the SPY in the first lactation was lower than in the later lactations (Table 3) . It was found that parity is an important factor which influences the lactation curve characteristics as the persistency measure. Therefore, the milk yield and live weight of the young cows in the first lactation are lower than those in later lactations. So, the young cows may compensate for their lower nutritional requirements longer than the cows in later lactations during the peak of lactation. Similar results have been reported by Rowlands et al. (1982) , Sölkner & Fuchs (1987) , Tekerli et al. (2000) and Lombard (2006) . It does not mean that the cows in the first lactation have the highest lactation milk yield, because the maintained peak of lactation occurred at a low level. Obtaining a high lactation milk yield is possible in the case of the high persistency at sustained high peak yield level. High persistency does not mean high lactation milk yield because high lactation milk yield depends not only on persistency, but also on the sustained peak yield level.
Conclusions
The first parity has a lactation curve with lowest milk yield and the latest DIM at the beginning of the SPY after parturition but the highest persistency among parities. According to some previous literature, the persistency is defined as the number of days between the beginning and end of the SPY. The broken-line regression technique can be used as a practical approach to calculate persistency easily. The outputs are in agreement with the definition of persistency, although literature does offer different definitions of the persistency measure.
